Essential fatty acid deficiency delays the onset of puberty in the female rat.
This study assessed the effect of a dietary deficiency in the essential fatty acids (EFA) linoleic and linolenic acids on the onset of female puberty. EFA deficiency was produced in female rats by means of a semipurified diet and was biochemically documented by analyzing serum and erythrocyte fatty acid levels of more than 30 fatty acids, including all members of the n-6 and n-3 series. Levels of linoleic acid (18:2 n-6) and all n-6 derivatives, particularly arachidonic acid, were strikingly reduced. A less pronounced but clear-cut decrease in n-3 fatty acids, including docosahexaenoic acid (22:6 n-3) was also found. The times of puberty and first ovulation, as assessed by the ages at vaginal opening and first diestrus, were significantly delayed in EFA-deficient rats. The mechanisms underlying this delay appear to reside at both hypothalamic and ovarian sites. Simulation of preovulatory plasma estradiol (E2) levels via implantation of E2-containing Silastic capsules evoked a LH surge 30 h later in control juvenile rats, but not in EFA-deficient animals, indicating a delay in the development of the hypothalamic component of E2-positive feedback in the latter group. This delay appears to be due at least in part to reduced prostaglandin E2 (PGE2) synthesis, as the ability of the neurotransmitter norepinephrine to induce PGE2 release from median eminence nerve terminals was markedly reduced in EFA-deficient rats compared with that in controls. The decrease in hypothalamic PGE2 release was related to the EFA deficiency and not to reduced PG synthase activity, as determined by HPLC analysis of PG synthase products derived from exogenous [14C]arachidonic acid. Basal and hCG-stimulated PGE2 synthesis was also compromised in ovaries from EFA-deficient rats. Depressed gonadal function resulting from the EFA deficiency was further evidenced by a reduced gonadotropin receptor content, a blunted E2 response to hCG in vitro, and an increase in mean serum FSH levels. These results suggest that the delay in puberty resulting from EFA deficiency is due to a reduced availability of arachidonic acid for synthesis of bioactive metabolites. This results in delayed development of both the hypothalamic and ovarian components of the reproductive axis.